Introduction
There is a marked difference of opinion among economists regarding the medium-and long-term growth potential of China's insurance industry. According to many, China's insurance industry has tremendous growth potential and as a result has witnessed an influx of international insurances companies. On the other hand, some data have suggested a decline in the growth rate of China's insurance industry, accompanied by a sharp increase in market competition, and even a tendency towards market saturation in some areas. It is this huge discrepancy that inspired us to carry out this study. This paper aims to settle those disputes by a quantitative analysis of the growth potential of China's insurance industry over the period 2006-2020. There are clearly a variety of factors -economic, social, cultural, political, demographic and market structurethat have an impact on the growth of the insurance industry, but empirical studies have shown that the key factor in the long term is overall size of the economy.
1 Hence, the focus in the paper is on GDP growth as the key driver of insurance market growth.
A widely applied method in the estimation of the growth potential of China's insurance industry is the ''International Average Method''. For example, economists often compare China's insurance penetration directly with the global average penetration.
2 Although reasonable to some degree, this method is inevitably restricted by some shortcomings. First, it neglects the important fact that countries at different stages of economic development have different levels of insurance penetration. Another point worth mentioning is that it is the GDP per capita, not the GDP that indicates a country's development stage or its insurance penetration. For example, China's GDP has recently been ranked among the highest in the world, while China's per capita GDP is still remarkably low (ranked about the 100th in the world). Therefore, if China's insurance penetration during the period 2006-2020 is calculated on the basis of China's GDP per capita (which is far below the world average level), then it would fall below the world average level as well. Thus, by using the ''International Average Method'', the growth potential of China's insurance industry is often overestimated, thereby misleading the policymakers.
Three points about this paper should be noted in particular. First, instead of applying the standard ''international average method'', it uses the ''world insurance growth curve''. Second, based on the world insurance growth curve, a new indicator ''Benchmark Ratio of Insurance Penetration (BRIP)'' is defined, which takes into account other information about a country's national economy and insurance development and is more effective in measuring the mid-term and long-term insurance growth potential of a country. Third, during the period 2001-2005, China's insurance industry experienced wide fluctuation; thus the expectations for the future of China's insurance industry are uncertain. This study on China's insurance growth potential during the period 2006-2020 could serve as a theoretical basis for making industrial policies.
The paper is organized as follows: The following section introduces the research background, motives and aims. In the next section, we use a large amount of historical 1 See Beenstock et al. (1986 Beenstock et al. ( , 1988 ; Outreville (1996) 
World insurance growth model

Model setup
Generally speaking, there are currently three different types of insurance growth models available: the first type is the simple linear model, the second is the logarithmic linear model and the third is the logistic model. Each has its own advantages and disadvantages, but comparatively, the logistic model is superior to the first two models for this research.
Under the simple linear model and logarithmical linear model, no matter whether premium, insurance density or insurance penetration is chosen as the dependent variable, and no matter whether it is a simple linear equation with GDP or GDP per capita as independent variable, or a multi-linear equation taking into account other economic or social indicators, limitations are obvious. With regard to the simple linear model, it is always assumed that: (1) insurance premium grows at the same rate with the growth of GDP, which indicates that insurance penetration is a constant; or (2) insurance premium grows at a rate that is the square of that of GDP growth. Neither of these assumptions is consistent with the reality. With regard to the logarithmic linear model, it is often assumed that: (1) the income elasticity of premium (the ratio of the percentage change in insurance premium to the percentage change in GDP) is a constant; and (2) the income elasticity of penetration (the ratio of the percentage change in insurance penetration to the percentage change in GDP) is a constant. While these two assumptions are probably acceptable in certain stages of economic development, they cannot be applied in a general model. What is the relationship between a country's premium and the economy? As is illustrated in Figures 1 and 2 , the insurance penetration (the ratio of the premium to the GDP) rises with the GDP per capita, but different levels of GDP per capita are accompanied by different growth rates of insurance penetration. When the level of the GDP per capita is low, the growth rate of insurance penetration is relatively slow. As the GDP per capita increases, the growth rate of insurance penetration increases as well. However, after the GDP reaches a certain level, the insurance penetration tends to plateau. This means, with the increase of the GDP per capita, that the growth rate of premium will exceed that of the GDP per capita. The gap of the two growth rates is smaller when the GDP per capita is low, and expands with the growth of GDP per capita, but will eventually narrow after a certain stage. In other words, the income Wei Zheng et al. The Chinese Insurance Market elasticity of premium varies with the stage of economic development. A logistic model, which is often in the shape of the letter ''S'', will better characterize this phenomenon.
Carter and Dickinson 3 and Enz 4 developed a logistic model to depict the relationship between insurance penetration and GDP per capita. Because the logistic curve is in the shape of the letter ''S'', the model is called ''the S-curve model'' for short. Based on this model, this paper will estimate the world insurance growth curve with a large amount of historical data. 3 Carter and Dickinson (1992) . 4 Enz (2000) .
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The expression of the S-curve model is as follows:
where Y is the insurance penetration, X is the GDP per capita, C 1 , C 2 and C 3 are three parameters and e is the residual term.
5
The sample data This paper uses the data of 95 countries and districts over the past 27 years as the sample. There are 2,052 observations in the sample of life insurance, and 2,071 observations in the sample of non-life insurance. The data of GDP, population and GDP per capita for each country and district come from the National Accounts Main Aggregates Database provided by the United Nations. The data on total premium, life premium, non-life premium, life penetration and non-life penetration are taken from the Sigma database provided by Swiss Re. Data on GDP per capita are converted to constant 1990 prices in US$, and the penetration which is a relative ratio (Premium/GDP) is not affected by the price level.
Based on the data, we can either carry out a total industry estimation without distinguishing life and non-life insurance, or carry out two estimations for life and non-life, respectively. In consideration of the different characteristics of life and non-life insurance, however, we will prefer the latter option and separately estimate the models for world life and non-life insurance growth curves, which will be much more precise than an entire-industry estimation. Models are estimated by pooled Nonlinear Least Square. In addition, in the data used by this paper, the catalog of life insurance and non-life insurance follows the practice of the EU and OECD, in which health insurance and accident insurance are all counted as nonlife insurance. 5 It is assumed that C 3 o1, because C 3 o1 means that the penetration increases as the GDP per capita rises.
Meanwhile, C 3 ¼1 means the penetration is a constant, and does not change as the GDP per capita changes; C 3 >1 means the penetration decreases as the GDP per capita rises. The last two situations are not consistent with the reality; therefore, it is assumed that C 3 o1 in this paper. Using the equation of the model, we can find the inflexion of the S-curve (the increasing rate of penetration increases before this point and decreases thereafter). It is at this point that the second derivative equals 0. That is,
. Because Y 00 ¼0, the exact form of the GDP per capita (denoted by X inf ) at the inflexion is calculated as: X inf ¼ (ln C 1 Àln C 2 )/ln C 3 . According to the model, it is not difficult to obtain the income elasticity of premium (the ratio of the percentage change in insurance premium to the percentage change in GDP) in terms of e. Denote P as the premium per capita, then we have:
, the income elasticity of premium is calculated as:
. Furthermore, the maximum income elasticity of the premium can be obtained. As at the maximum point, the first derivative of X equals 0, that is, e 0 ¼0, the expression of GDP per capita (denoted by X e ) corresponding to the maximum income elasticity of premium is as follows:
Estimations using the model Table 1 shows the estimates of the world life and non-life insurance growth model. According to these estimates, we then calculate the world life insurance growth curve and the world non-life insurance growth curve (the S-curves as referred to above), which are respectively depicted in Figures 1 and 2 .
First, consider the world life insurance growth model. Before GDP per capita reaches 10,635 US$, the growth rate of life penetration keeps increasing. After GDP per capita exceeds 10,635 US$, the growth rate slows down. When GDP per capita is 12,438 US$, the income elasticity of premium achieves the maximum level of 1.754. This figure means that if GDP per capita increases by 1 percent, then premium per capita will increase by 1.754 percent.
Then we analyze the world non-life insurance growth model. Before GDP per capita reaches 3,015 US$, the growth rate of life penetration keeps increasing. After GDP per capita exceeds 3,015 US$ the growth rate slows down. When GDP per capita is 7,531 US$, the income elasticity of premium achieves the maximum level of 1.425. This figure means that if GDP per capita increases by 1 percent, then premium per capita will increase by 1.425 percent.
Assumptions on some variables
Before the growth potential of China's insurance industry during the period of 2006-2020 can be calculated, it is important to estimate the ranges of some relevant variables, including GDP, BRIP for both life and non-life insurance, as well as exchange rate and price index.
Assumptions on GDP
Although all economists do not agree on the exact value of China's GDP growth rate during the period 2006-2020, some economists share similar opinions. Liu, 6 for example, believes that, excluding the possibility of unforeseen extreme domestic and international events, China's GDP growth rate will continue at 8-9 percent during the period of 2001-2010, and 7-8 percent during the period of 2011-2020. Qiu 7 applies three different methods (the HP filter approach, the Philips Equation approach and the Production Function approach) to estimate China's potential GDP growth rate in the following 15 years, and points out that 7-9 percent is a possible range for China's GDP growth in the future. Fan 8 estimates that China's economic growth rate in the following 15 years will be 6-9 percent.
Based on the above-mentioned research and data on China's recent economic growth, this paper applies three estimates for China's annual GDP growth rate during the period of 2006-2020: the conservative estimate of 6 percent, the median estimate of 7.5 percent and the optimistic estimate of 9 percent. In the conservative case, China's GDP will be US$ 4,120.7 billion in 2020, and GDP per capita US$ 2,822 dollars. 9 In the median case, China's GDP will be US$ 5,087.6 billion in 2020, and GDP per capita US$ 3,485 dollars. In the optimistic case, China's GDP will be US$ 6,263.0 billion in 2020, and GDP per capita US$ 4,290 dollars. All these figures are at 1990 prices.
Benchmark Ratio of Insurance Penetration (BRIP)
The definition of BRIP The BRIP is a measure of the relative development of a country's insurance industry. The BRIP evaluates the relationship between a country's insurance penetration and the world's average penetration (at an economic development level equal to that of the country). If we define ''the world average penetration at the same economic development level'' as ''benchmark penetration'', a country's BRIP can be calculated as:
The denominator, ''benchmark penetration'', refers to ''the world average penetration at the country's economic development level'', and the numerator, ''actual penetration'', refers to the country's actual penetration. If BRIP equals 1, then the country's actual penetration is equal to the world average penetration at that country's economic development level. If BRIP is less than 1, then the actual penetration is less than the world average level. If the BRIP is greater than 1, then the actual penetration is greater than the world average level. However, it is important to note that the fact that BRIP is greater than 1 does not necessarily mean a large potential for insurance growth. Similarly, if BRIP is less than 1, the insurance growth potential is not necessarily small. The underlying reason is that each country has its own specific characteristics, and the only factors that can be used 7 Qiu (2006) . 8 Fan (2007) . 9 According to the prediction by the National Population and Family Planning Commission of China (2005) , in 2020 China's population may be as high as 1.46 billion.
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Estimation of BRIP 2006-2020
As for China's BRIP, we will analyze life insurance BRIP and non-life insurance BRIP separately. Taking into consideration the trend of life and non-life BRIP during the period of 1980-2005 (BRIP is generally rising, but the growth rate is slowing down 10 ) as well as the reality of China's life insurance and non-life insurance industry, we set up a second-order autoregressive model to predict China's life and non-life BRIP.
11
Based on the estimated life and non-life BRIP, 12 we are able to make predictions of China's BRIP in 2020: China's life BRIP would be 2.31, and non-life BRIP would be 0.93.
Assumption on price index
Data on price index used in this paper are obtained from two different sources: First, the data during the period 1980-2005 are either the comparable prices (such as 1990 prices) or the indirect comparable prices adjusted by price index.
13 Second, for the data during the period of 2006-2020, as we focus on the real value instead of the nominal value, the comparable price is set at the 2005 level, which will facilitate the calculation of the real growth rate of China's insurance industry in the mid and long term.
Assumptions on exchange rate
The average annual market exchange rate in 2005 is that 1 US$¼8.19 Yuan, and we assume that the exchange rate during the period of 2006-2020 remains at this level. This simplification will not have much influence on the conclusion: on the one hand, the main data applied here are all relative data; on the other hand, the focus of this paper is to evaluate China's insurance growth tendency during the period of 2006-2020 compared with the situation in the base period of 2005. Therefore, such a simplification is helpful in eliminating the influences imposed by the exchange rate fluctuations and revealing the intrinsic growth tendency of China's insurance industry. 10 Because of limitation on length, the particular measurement and figures about China's BRIP are omitted. 11 The model is as follows: BRIP t ¼a 0 þ a 1 ln YEAR þ a 2 BRIP tÀ1 þ a 3 BRIP tÀ2 þ e t . In the equation, BRIP is Benchmark Ratio of Insurance Penetration; YEAR denotes the year; e is disturbance; a 0 , a 1 , a 2 and a 3 are parameters. The lag period is determined mainly by Akaike's information criterion (AIC) as well as a ''simple-to-general approach'' introduced by Greene (2003) , and we also take into account the reality of China's Insurance development. For the reason why we follow AIC, please see also Liew (2004) . According to Liew (2004) , in the case of small samples, AIC and FPE (final prediction error) are superior to other criteria for estimating the lag period. 12 The estimation results are omitted here. 13 The data on comparable price and price index are taken from the National Accounts Main Aggregates Database provided by United Nations and the data proclaimed by the National Statistical Bureau.
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A preliminary estimation based on the ''Market Exchange Rate'' approach
In this section, based on data under the market exchange rate approach, the aforementioned world insurance growth curve in the section on the world insurance growth model, as well as the assumptions in the previous section, the growth potential of China's insurance industry during the period 2006-2020 is estimated and analyzed. We will first analyze the life insurance industry, then the non-life insurance industry, and finally the insurance industry as a whole.
An analysis of the growth of China's life insurance 2006-2020
The calculations here follow the above-mentioned method to measure the growth potential of China's life insurance industry during the period 2006-2020. The results are presented in Table 2 . The explanation of the process is as follows. The first row and the second row are, respectively, GDP and GDP per capita. The third row is the theoretical life penetration, which is derived from the world insurance growth curve. The fourth row is the estimated life penetration, which is equal to the product of the theoretical life penetration in the third row and the BRIP derived in the section on the world insurance growth model. The fifth row is the premium in real prices, which is the product of the first row and the fourth row, with prices converting from 1990 prices into 2005 prices. The sixth row uses the actual premium of 2005 and the estimated premium of 2020 in the fifth row to calculate the annual growth rate of life premium during the period of 2006-2020. 
An analysis of the growth of China's non-life insurance 2006-2020
Similar to the estimations above, the growth of China's non-life insurance in the period 2006-2020 is estimated and analyzed in Table 3 .
The analysis of the growth of China's whole insurance industry 2006-2020
Based on the analysis of China's life insurance and non-life insurance, the total premium of China's insurance industry during the period of 2006-2020 is estimated and analyzed in Table 4 .
As shown in Table 4 , during the period of 2006-2020, in the case of a 6 percent GDP growth rate, the average annual growth rate of China's life, non-life insurance and the insurance industry as a whole will be 7.6, 8.0 and 7.7 percent, respectively. In the case of a 7.5 percent GDP growth rate, the average annual growth rate of China's life, nonlife insurance and insurance industry as a whole will be 9.6, 10.0 and 9.7 percent, respectively. In the case of a 9 percent GDP growth rate, the average annual growth rate of China's life, non-life insurance and insurance industry as a whole will be 11.7, 12.1 and 11.8 percent, respectively.
A modified estimation considering ''PPP''
In the last three sections, the ''Market Exchange Rate Method'' has been applied to convert the local currency into US$. Theoretically, the market exchange rate method considers the real exchange rate in an international market, and is a reasonable way to depict the reality. However, some researchers 14 hold the opinion that the market exchange rate tends to underestimate the real exchange rate of RMB to the US$, that is, the market exchange rate method would underestimate China's real GDP per capita and thus the real level of economic development. Consequently, the growth potential of China's insurance industry might be underestimated under the market exchange rate method.
Taking this problem into consideration, we will apply in this section the ''PPP Method'' to convert the local currency into US$ and will calculate the growth potential for China's life insurance, non-life insurance and insurance industry as a whole based on the converted data. In terms of doing this, we would obtain two sets of estimation results, respectively following the ''Market Exchange Rate Method'' and ''PPP Method''. Then we could compare the two sets of results and obtain the average value, which would be considered to be a more reasonable foundation for the evaluation of China's insurance growth potential during the period of 2006-2020. To modify the underestimation mentioned above, in this section, we use all the world countries' GDP data using the ''PPP Method''.
15 Based on the analytical framework from the last three sections, we will calculate the growth rate of China's life insurance, non-life insurance and insurance industry, which will in turn be compared with the results obtained by the market exchange rate method, and then be used to calculate the average value, a more comprehensive foundation for the evaluation of the growth rate for China's insurance industry during the period 2006-2020. The specific results are listed in Table 5 .
It can be seen from Table 5 that, as expected, under the PPP method, the growth rates of China's life, non-life and insurance industry as a whole have all increased compared with the results obtained by the market exchange rate method, though they increase to different extents. How, then, should we evaluate the growth potential for China's insurance industry during the period of 2006-2020? From our perspective, there are two factors worth mentioning: On the one hand, due to factors like the regulation of the exchange rate, the market exchange rate method would underestimate China's GDP per capita and in turn the growth potential of China's insurance industry. On the other hand, due to factors like the failure to distinguish tradable goods and untradable goods, the PPP method would overestimate China's GDP per capita and in turn the growth potential of China's insurance industry. Therefore, the average of the estimates obtained by the market exchange method and PPP method would be more reasonable. Although the estimates obtained by the two methods are both range estimates, the average of the results, which are also range estimates, tends to be a more probable prediction for the growth potential of China's insurance industry.
Accordingly, the value under the conservative assumption in the MER method and that under the optimistic assumption in the PPP method, respectively, constitute the lower and upper limit of a possible range for China's insurance industry growth rate during the period of 2006-2020. After the results obtained by MER method and PPP method will be averaged, the value under the conservative and optimistic assumption will define a more reasonable range for China's insurance industry.
Specifically, as shown in Table 6 , during the period of 2006-2020, assuming that China's GDP grows in the range of 6-9 percent per year, a possible range for China's life insurance industry growth rate is 7.6-19.5 percent, and a more reasonable range is 10.3-15.6 percent. As for China's non-life insurance industry, a possible range of growth rate is 8.0-13.8 percent, and a more reasonable range is 8.8-12.9 percent. The possible range for China's insurance industry's overall growth rate is 7.7-17.9 percent, with a more reasonable range being 9.8-14.8 percent. Note: All data are in the comparable 2005 prices; health insurance and accident insurance are counted as non-life insurance; ''Average annual Growth Rate'' is the average of the results obtained from market exchange rate method and purchasing power parity method; Density=Premium/Population, Penetration=Premium/GDP; the population data come from the prediction for 2010 and 2020 by the National Population and Family Planning Commission of China. Data resources: the official website of the National Statistical Bureau; the official website of the National Population and Family Planning Commission of China; the data calculated above; calculation by authors.
Size of China's insurance market by 2020
Based on the above analysis, we can make a more specific calculation for the growth rate and size of China's insurance industry during the period of 2006-2020. Two sets of figures will be calculated: one is the growth rate and size of the Chinese insurance industry by 2020, and the other is the relative size of China's insurance industry compared with the world market by 2020.
Growth rate and size of China's insurance industry
For the analysis of the growth rate and size of China's insurance industry, premium, insurance density and insurance penetration are selected as three indicators, and 2005, 2010, 2015 and 2020 are selected as the time points. The results of insurance penetration in those years are listed in Table 7 .
One can see in Table 7 that in the median scenario, the average annual real growth rate for China's insurance industry during the period of 2006-2020 would be 12.3 percent. In 2010, 2015 and 2020, the premium of China's insurance would, respectively, be 1.8, 3.2 and 5.7 times that of 2005, and the insurance penetration would be 3.6, 4.4 and 5.6 percent, respectively. Figure 3 shows the results of China's insurance penetration in selected years with an S-curve. One important economic explanation for the expected rapid increase in insurance penetration in China relates to the distribution of national income (GDP), which has been very wide in China. There is a significant and fast growing segment of the population with income levels and insurance spending potential approaching that found in the most developed western economy, but the vast majority of the population is rural, with very low incomes and low insurance spending capability. Part of the explanation of the forecast increase in insurance penetration is an expected trend increase in the more wealthy segments of the population and a narrowing in the distribution of national income. In addition, the Chinese government has been encouraging the growth of the insurance industry, with state-owned enterprises purchasing insurance rather than self-insuring, which contrasts with many other countries at a similar level of their development. In life insurance, there is also strong government support for private sector saving and for a greater level of individual self-reliance, and this is also evidenced by a social security system that is less pervasive in other countries at a similar level of development. Hence, China is expected to have a BRIP greater than 1. These underlying trends are implicit in the data used in the model.
Relative size of China's insurance industry to the world market
Combining the above analytical framework with data from ''Foresight 2020'' (Economist Intelligence Unit), ''World Population to 2300''(United Nations) and ''Sigma Premium Database'' (Swiss Re), we estimate that the average annual growth rates of world life insurance, world non-life and world insurance industry during the period of 2006-2020 are, respectively, 7.3, 4.5 and 6.3 percent. In comparison, the growth rate of China's insurance industry (12.3 percent) would almost double that of the world average (6.3 percent). Table 8 indicates the relative size of China's insurance market compared with that of the world.
In the median scenario, as indicated in Table 8 , the market share of China's insurance industry in the world would be 2.3, 3.1 and 4.0 percent, respectively, in 2010, 2015 and 2020. In consideration of the fact that China was the ninth largest insurance market in the world in 2006, we expect that China will enhance the ranking in 2020 and probably be the sixth largest insurance market, especially if the RMB will be revaluated before 2020.
Conclusion
Based on a large amount of historical data, we examined the world insurance growth curve using the ''Market Exchange Rate Method'' and ''PPP Method''. Based on this curve as well as the reality of China's national economy and insurance industry, we quantitatively estimated the growth potential for China's life insurance, non-life insurance and insurance industry as a whole during the period of 2006-2020.
The main conclusions of this paper are as follows: During the period of 2006-2020, assuming that China's GDP grows 6-9 percent per year, the possible range of China's insurance industry growth rate is 7.7-17.9 percent, and a more reasonable range is 9.8-14.8 percent.
In the median scenario, the average annual real growth rate for China's insurance industry during the period of 2006-2020 would be 12.3 percent. In 2020, the premium levels for China's insurance market would be 5.7 times higher than in 2005, and the insurance penetration would be 5.6 percent, with 4 percent for life insurance and 1.6 percent for non-life insurance.
The growth rate of China's insurance industry during the period of 2006-2020 (12.3 percent) would almost double that of the world average (6.3 percent). In 2020, the market share of China's insurance industry in the world would be 4.0 percent.
Finally, three points about this paper should be emphasized. First, the growth rates discussed in this paper are in real term instead of nominal term. In other words, these
The Geneva Papers on Risk and Insurance -Issues and Practice 504 rates are based on comparable prices, excluding the influence of inflation. Second, health insurance and accident insurance can be classified into either life or non-life insurance; however, in this paper, they are counted as part of non-life insurance (one should note this when citing the conclusions of this paper). Third, other empirical studies show that the growth and size of the insurance industry are closely related in the long term to overall economic development. There are clearly other factorssocial, demographic, cultural, political and market structure -that also have an impact, but the key drivers in the long term are economic, hence our focus on GDP as a proxy measure for overall economic development. It is assumed in the paper that the average annual growth rate of China's GDP will be 6-9 percent during the period of 2006-2020. It should be mentioned, however, that if the GDP growth rate lies out of this range then the conclusions would have to be adjusted accordingly. Nevertheless, even if the GDP of China falls below 6 percent, it is still likely to be above the global average level and the size of the Chinese insurance market will still be one of the world's largest.
